
I q-

iMY211947.
ARR IfJo. 4B26

.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

WU’’TIME Rlwom
ORIGINALLY ISSUED

Februa~ 1944 as
Advance Restricted Rqxmt 4B26

AN INVESTIGATION

ALCOHOL-DISTRIBUTION

OF THE CHARACTEFUSTICS OF

TUBES USED FOR ICE PROTECTION

ON AIRCRAFT

By Richard Scherrer

WINDSHIELDS

and Clair F. Young

Ames Aeronautical Laboratory
Moffett Field, California

.... . ...‘...,.:, . . .

“““’”,N/G?ii “;ACALIBUR
,,’-,., .’ : ,., .

....,,, . . . ,.”’ LANGLEY MEMOU AERONAII,,

*=
~OltATORY

WASHINGTON
Lat@cy Fie]d, vu

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of
advance research res,ults to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech-
rdcally edited. All have been reproduced without change in order to expedite general distribution.

CAL

A-20

k..



[Illlllliirllmiiiiihlll:
31176014moaw ‘

.,.

MA!PIOMAL 4ZWISORY COMMITTME

ADvANcm Elm!EIg TJu)

D IS!tEIBUT1017

ON

B? li$~h~d.
..,. “,. . .
.. ... . ,“.m.. ... .,... .:,.:.

.. . ..:...

. ... ... .1

.-. ——. — — -—— —.

FOE MROMAUTICS

~om. . . ‘t ,.: ’..
. .

,m . . . . .
... .. . :.. -.1. .

titi THE “iYkAEAC&2iSZ iCS “Oi” &CO&Q&.: :-.

TUBIS USED ~OB IC31PROTrnOZIOl?
. . . . .

AIR(Z~~”-V-11131 ~HXlllLDS

S.cherrsr pd.- O&air P.. Yoang: : “;. . ..
r. ..” .:. - .. . ... .

.... . . . .,1 .!-.. su~y .. ““+.,- ,.”.. .. . .:
. .

,.. . ! ..: m-,
. . .. . -. .: ”””, . . .. .

~ri~~nvestigatlon has been” conducte~ w~;h .kcohol “
used !n COrijtLnC~i On with a windshield wiper as a means
of affor~ihg”” protection against Ice fonmatlonmon the
windshields of” aircraft when operating in inclement
weather, Flight tests ~ondu.cted in a Lockheed 12A air-
plane”tiqder.simulated icing conditions established the “
most ocoriornical flow” rate of Iscpropyl alcohcl tc provicl&
adeqqato “ice p~eye”ni ion.” ~e”opti~um looat40n and size.
of thti alcohol.-distributlon tube and orifices were de-
termin”od for the. s~ecific .Lnstallation investigated? ‘A
proced-ure by which economical and effoct~v.e distribution
can be obtain.qd “was d~velopod and is presented ““

.~19TEODU.CTIO~. . ~ .. .
..” ,.. .. . . .

A1.col?ol.has been utill?dd, for the pas% “s&eral .
yeara:{”to protect tli? klndshiklds of al~oraft from” Ice ‘.
formh~lon~ d.utiingflight 1? Inclement .wqather,: Owing titi!
the-o”pacity o-f aleoh Ql etrqame.;$t has beep found desirm :“
able t6 qse a wiridehleld ‘wip.pr.In. conJ.unctian witi”th.e ‘m
alcohol ””todalntq”lq ”s.atisfaqtciyc vl~lbllib~, A14hough J
this meth~d of windshield pr’ctect ion has been used rather
extenslv:ely, little .or ,no l@ormq*icm. %elatiT.q. tc aii
optimuh arrazigern-eri~.o“f.such: .a sy:mtem has. .be~n repoatied. ‘. . . . ... . .

“-.@h.e‘:i~vetitf”gat”i;ri<;~crtk~ h&6~n””ha”e”.~een donduct&
at the request of the Bureau of Aeronautics, Navy Depart-
ment , to determine the most economical flow rate of
isopropyl alcchol required to afford adequate Ice protec-
tions to determine the optimum size and lccat ion
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of ~ho ordfices used to distribute the aldohol, +d .to
formulate a procedure by wh”ich the q,ircr~?~..dbs.igner.
could readily establlsk an. ?.copdm~ba-l-arid effective
de$$gn. .. .-,:”:.. ““ “ -...-...----.“ ,.... .

,. ,“ “ -.. -.”

“ “:” JJ.($I;)I&F~‘ -’“ . ... ...-. . .
. . . -..-. -. .-”

. . . .. . .. .

The te?t.equipmeziti~u;~d “~’h-this iqyek.tigatioh was
install@’ in ‘thd Lockheed 13A-a&plan-9 shown In figure 1.
A Marquetto .~e,talcProdu&s Company winds~iold wiper,
Hodol 3145 E-1,” sweeping a.wlBd6QiB”l&..areU cif 0.835
squaro foot, was insttil~ed brimthe pilot.!s.wti@shiel& as
shown in figure 2. The spo Qd of tb.e+wlndshl’eld-wiper
blado was controlled ,by”& 0-.5-ohm, 15-ampere, variable
resistor which was installed in the motor circuit to
supplomont the conventional two-~p”de”d control switch.

A schematic diagram of the alcohol-d ist.~i.bution ..: - -,
system used is presented in f+gure- 3. The solenoid pym~, “
Marquette Metal, Product:s Company. Mndel 300, wai! used tQ “
pump the iso=pfiopyl alcohol fr.~m a.tank, through l~+itic~ . ..
outsido-diamete$ aluminum-alloy ,tubin&, ta the distrl- - ,
bution tube “located sither on the windslii,eld or .OU tlie- ... ...
blado of the “windshield wiper. .Control “of the alcohol .
flow rato to the distribution tube wae effmect?d by a“.,. .
valvo located tin the supply” tubing. . . . ‘ . . .

,.

Icfng condit”io”ns were simulated by .&pray~ng water “
into the air stkkam wh~le flying a.t al.t”itudes at:which ““
tho anbion+air, t’emperaturo was below the freezing point.
The water sfiray WAS obtained by pumping water through
two spray nozzlos, ‘located at the nose of the fusolago
(fig. 1), which ware adjusted to dpliver.a” finely divided
13praye The resultant water spray, at the altitudes at
which tho flight tests wero conducted, produced icing at
a rate comparable with a modorate freezing rain.

Qko tanks and pumps, which” formod a part “of”the .
water-spray and alcohol-d iwtributio-n sy=tem’s, were in-
stalled In tho forwar’d bagga”ge compartment ‘of .t”hoair-
plane (fig. 4). . . . .: . . . .
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PreLimitiamy .te6te},.conslst”ing of tuft tiurveys in
flight tb Qeterm’lne. the..”dlrect~on of ,atk 3?).o’wover the “. .
windshield”, were oonduoted as the first” step in”. the de-
termlnat iqn of the opt Imum lo cat Ioh “foT.~he &l’cohol-

.!

distriput ion” tube ahd the apt irntim“s”ize””and artiangem-ent .““
of the hr.ifices ‘In the dl%tribut Ion.”tube. A“ typical
example of. a tuft.’sur~ey” &is.”taken. on the. cb~i’lotls Wind- ““
shield” is-.mhawn im.i Igure 6.. The tufts. were.~mounte-d “on ...
the copilot~ s windshield so that the pllo-tJs view would .
not be further obstructed. During further tests with the
water spraying. on *hb pilotf s windshield, the ‘flow pat- ,.
tern was noted to” be ~imilar’ to” that shown in f igur.e 6.

.. . .. .

After ldetermifiihg the direction af air” flow o~”er “
the windshield In flight by means Ot-the tuft surveys , .. .
the major portioh of” the” Invest lgatlon was conducted on “
the ground using a “blower properly directed to simulate
actual flight air-flew condit Iond. By this expedient ,
it was ~ossible to test a great number of variations to
the alcohol-distribution tube and Its orifices more

economically and expedit iousl~ than would have been pos—
sible in flight. Tubes which exhibited sat Isfactory
distribution characteristics in the ground tests were
flight–tested at low altitude and, If the distribution
characteristics were sti Il” satisfactory, further flight
testing under stimulated Icing conditions was conducted.
The tuft photograph and alcohol-distribution tests were
made at an altitude of 6000 ”.feet and an indicated air-
speed of .150 .milas per hour. “~At altitudas over 15,000 “
feet, tho airplane was not capable of flying at “an indl-
catod airspeed of 150 miles per hour. As a result, the .
tests ,In simulated tclng conditions at thoso altitudes
were conduqted at ad indicated airspeed of “130 m~les per .
hour. The f.inal teets of the die fribution tube located ‘
on the wiper blade were conducted at an altitude of
12,300 feet at which. an Indicated .”airspeed of 148 miles
per hour wad obtained. “

In all flighte under simtilated icing conditions, the
the alcohol flow rate””was adj”usteiluntil the minimum
flow ratd required to “provide good visibility., was es-
tablished.. At. this minimum flow rate, the position of .
the valve controlling the flow’~tiasnot6d and the aatual .
flow rate was subsequently determined. on the ground by
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retrieving the aloohol as It wss pumpted through the
distribution tube under the same conditions as estab-
lished in flight. It is believed that the difference
between the flow rate as measured. on the ground and the
actual flow rate in $light I..snegligible. During the “
progress 0$ the Investigation, it was found that” hettpr
control of the windshield-wiper speed was necessary. than
was available with the original equipment. Therefore, .
the variable resistor warn installed. In the wirid~hield-”
wiper motor circuit so that the wiper speed as well as
the alcohol flow rate could be varied until the best re-
sults ~~ei”eobt,ained. .. .,

,,. “...

Three locations of: the alcohol-d”lstributii”on tube
were Investigated. Zhese locations were d.ia”gonally
along “the center of the windshield, as shown in figure
6; vertically, as shown .In,.fi.gure7; an”d”on the blade
of the” wind~hi”bld wlpsr, as shown in flgu”re 8, In each’ -
ins~”ancd:, the location of the. ~.istrlbution t’ube was up-
stream” f’rcm the wipe~ area. At each location ofcth”e
~distribution tube, several orif.ioe sizes and arrange- “ .
ments were in?est”lgated. . . ., . .

.,

. -.ACCURACY :... , “ :
. . . .. ..” .

.:.
. . . . . .

. The-measurement. of”.thq .q~antity of isopropyl a~~o- ‘.
hol re~ui$ed for fce.prevent io~. obtain6d iri this in-
vostlg~tion” is subject to possible ,erroz? due to the use
of slnulated icing con~itions. “ The”results also are of
limitea value due to the restricted velocity and air-
tenpkrature range at which. the tests were conducted.
Simultited. icing tests are made in dry amb.lefit air which
usuclly has a humidit’y below. ”saturatio”n and,.”therefore,. ‘
more eva”poratlve cooling- occursk’ In this respect, tests .
in siuulated icing conditions give conservative results.

Qho rate cf icing pr,oduced.on the testing region
is made to “oonform to that of natural icing condit.i.ens,
according to the e~erience of the test personnel~ since
the measurement of such factors has not yet been de-
veloped- Although the flight test persotinel engaged in ..
this investigation has had e~erience in icing condi-
tions, this method is admittedly unsatisfactory since
it is sub~ect to error and because other ‘investigators
cannot duplicate the test cond$”tlons.

.— -, - ,,., .—. -,, ,,., . , ,, 1 ■l-- I I I
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Irreqpecti~e of ,the inaccuracies wh~ch are involved
in “aliiulabed”Icifi* tests, Itmis bkiliqved’that the. i.n-

.““fo&mattbh “on” ~f~tribution ~retidnted $?.fbfi”,iq“rhTiable
““ and “that mbtie‘copalu~l~e flow data pro~a~ly cannot be

... :~dbtaitied .sh’o”rti:”of““”operational‘u@e ;of the ~equi”pm$nt; “-.. .. ... -...., . . . ..).-. . ..”. ... -....-
. . . . . . .. . . . . . .

:: :’-”.” . . .. .. . . . :.”

. . . . . . ... ...
..” ~RESULiS AMD DISCUSSION” .. . “ . “.. .
...”. . !.. .“. . . . .

. . .,- ..- .. . .
“. . . ‘....

: .The meetidnical ..erFangti*t” “of the dl.s-trlhut.lori
.ltub”ew~‘the “fllglit-o”cmdltions +nder. ~ti”tchthe” teat ~ “were
canducted, -the flow ~rat.e‘of: is.op.ro@ ‘aloahol requlti,ed
for” eaah tteet condition, “&id general “comme’ritsrelat tve
to the operation” and ic-p~otection characteristics of
each arrangement tested are presented in table. I.

Visibility, through the windshield with the aid of
alcohol when the windshield wiper is in. operation, .
aaponds upon the removal bf the. ice and al”so the optical
qualities of the, alcoh(sl film. With visibility. as the
crjterion, the results of the invest f~ation indicated
that , for the teste conducted, the opttimum looation for
the” aloohol-”dist”ribution tube was on. the upstreaq side

:“ of t“he winds hl-eld-:wiper bla-dei parallel to the face of
thk windshield “and approximately 1/4. inch from tha winds-
hield (fig. 9). In this locat ion., the most satisfactory
oporatlng conditions were obtained with a l/8-inch-
outslde+liameter di’strilmztion tube provided with SAX
orifi”aes, drill size number 80, spaced appr oximat.ely 1
inbh” on centers. Hone of the humber 8QJ drill-slap orl-
.fices clogge”d “during the tests ,“although under service
conditions larger orificee may be reqtiir”ed.. A wind=

. shield-u iper. ”apeed of” approxl”mately 120 cy.ol@s per.
minute and an Isoprep$l-alcohol flbw rat e of 2,4 quarts
per hour were found most. suitable for this arrangement -
An. al.cohol flew rate of 2.4 quarts. per hour , or a unit
flow rate of 2..9 quarts per. homr”,”squ-are foot was suf-
fl,oient to afford. a~equ”at~ protection against Ice forma-
.tSon; however.; a flow rate of .4.9 .quart~ of” alcohol, per
hour (or a unit flow-rate 0Z”5.9 qt/hr,, sq ft) was re-

.“ qulred .to remoxb. ace. which had been allowed to form
... pzior to PIAclng “the equipment” in-to operation- .The

area” sw-opt bytthe windshield-wiper blkdb-”was the only
portion of the wihdshi.eld surface which. was consistently
proteeted by the alcohol. The reeults of a flight in
slmula~ed icing. aonditiionb with” the ~pstkm described
.above in operation are “shown in figure 10- .



6

‘The most satl~factory fixed .distributiom tub? tested,
arrangement 6, vaa a vertiaalb located l/8-@ chyoutei.de-
dimoted tube with two 0.040-inch-outside-diameter ccpper ““
tubes soldered into it. The 0.040-inch tubes extended In
a horizontal position ~ parallel to the.windshield; wit,h
the ends approximately 1 inch closer to the windshield-
wiper blade than were the orifices on other vertical
fixed-distribution tubes. The ends .of”the tubes were
pinched together to give an alcohol flow rate comparable
to two number 80 drill-size orifices with a similar
alcohol control-valve setting. Thg 0.040-inch-outside-
diameter tubes, .although useful in the conduct” of the
tests, wore found to be very fragile and,”.therefere, not .
suitalle for service installations. “

“.

!Cho speed” of the wiaashiold-wipei. blade was found to
have a uapked.effect upon the alcohol distribution and
nffoctivones’s~ of the syst&’. “At rapid blade speeds the
alcohol was wlpbd from” the “win~sh.iel”dsurface too quickly
to protect. the wlpdshi.eld “effoctlvely even at the great-
est alcohol flow ra4es possible w.lth the equipment.

. . ..

Ice fortiAtions on” a fixeg+i.istrtbution tube were cb-
servod to al’ter the flow of alcohol across the windshield,
indicating that “flow patterns established..ln. .Qry-air
flights are not-reliable. . , “ .. . . r ..

It wa”s noted during simulated. Icing fli,ghts that Ico
began to form-on the.windshield at an ambient-air temper-
ature of 40° F. Consequently, a thermocouple was rnount~d
on tho wiper blade 1/2 inch from the wlndsh~eld to dotor—
mine the refrigeration effect due to evaporation of the . .
alcohol-and-wat ?r.mixture. Readings .wore taken during.
flight at 5000 feet altitude with the water-spray and
alcohol systems in cperat ion. At an.ambient-air tempera-
ture of 60° T, a temperature drop” of 45° F due to evapo-
rative cooling was measured. The possibility of avapora- .
tion cooling ”the water-and-alcohol mixturo in the air
strbam below the freezing point of the mixture should bo
furthor investigated. Tho research should bo conducted
In natural icing conditions to dotormlne the truo effect
of alcohol and water evaporation. The refrigeration ef-
fect is expected to be loss In natural Icing conditions .:
than that measured in simulated conditions. .

With the possibility of low temporaturos at the win@-
shiold, care should be taken to Insu”ke that the rubber
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. . . .
used for the windshield-wiper
Iug Its elasticity under such

.. .

..-. . . .
%iade Is capable of retain-
condit ions.

Ico pro=oction to the windshield,.and si~tla~ systems -
could bo installed Ori aiicfaft”nOw” In.kervice.vlth a min-

- Imum.;of alteration to the a.irpl~n~; howeyer, alcohol as
,a.fioans..of preventing ice on aihera’f~ w.indshlelds is.not
ag aatlafactory aa other ayatoms, ‘notably $oubl+glazod
air--hontod panela. (See” refeiencea 1 ~~ 2.) “

RECOMMlU9DUD PROCEDURE AHD DESIf3H

Tho moat aatiafactory distribution tube of those in-
veati~atcd waa mounted oh the upstream aide of the wind-
ahlcld—wiper blade; however, it la poaalble that fixed
distribution tubea may be used to advantago on other
windshiolda.

A design procodure to be followed for locating a
fixed distribution tube la as follows:

1. Determine the direction of air flow ovor the wind–
shield surface at the doaign airapeed and altitude by
tuft surveys.

2. Install the windshield-wiper and alcohol systems,
providing mountings for the distribution tube.

3. The orifices for any distribution tube should be
looated upstream from the center of the area to be pro-
tectod aa determined by the tuft directlona.

4. The design of the diatrlbution tube selected
should bo toated in flight to adjuat the position of tho
orifices to give the optimum alcohol distribution. .

5. Tho final design should be flight-tested in nat–
Ural ‘or simulated icing conditions.

Amos Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Moffett Field, CalIf.

.— .—.
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TABLE 1.- CHARACTERISTICS OF ALCOHOL-DISTRIBUTIONTUBES USED IN CONJUNCTIONWITH A WINDSHIELDWIPER

TO PRWW?UT T(?Z!F’C)RUATTO?JON TWZ WTNnWJT~l,llOF THE l,O(?KHEFU12A AIRPLANE.- ..-. —. --- .-. —------ -.. .... ------------- -. .... ---------- ---- ----------

TeBtDiatri- Tube orifice Hum- Orifice Indi- Pren- Ambi- Immyyl Is:lr&fyl
num- but ion size ..size ber location cat ed cure ent-
ber tube O.D. drill of a.ir- alti- air flow rate unit flow

loca- (in. ) number ori-
Comments

tion (in. ) ficea %:! t% ;%!. ‘Qt’hr) ;%hr
Sq ftj

1 ::3- ‘i4 (&o 1. :::er ‘f 130 17’000 22 6“8 8“1 “&RJ=%er’t’on’
ice was prevented from forming on the

when ice wan allowed to ●ccumulate it could not
The amount of alcohol required wse considered exceecive.

a M~- 1/4 80, 2 a in. ●part 130 15,000 a6 3.4 4.1
0.0135

A thin film of ice remained on the wind~hield even at the maximum
center of
tube

alcohol flow rate obtainable for this arrangement. i

3 ::3- ~14 iZ&- 3 &&a2t 130 15’oO0 2’ 20 2“4
A thin film of ice remained on the windshield even at the maximum

alcohol flow rate obtainable for ‘this arrangement.

4 Vert i- ii/4 ------ 4 1 in. ●part --- ------ -- 2.6 3.1
cd O.om

The air-flow pattern was disturbed due to the eize of the distribu-
centered on tion tube and the alcohol would not flow across the mindchield.
windshield Simulated icing t eete were not conducted.

5 Verti- 1/8 80 2 3/4 in. ●part 130 14,100 a8 3.4 4.1
Cal

A nlight improvement in visibility over arrangement 2 wae noted; how.
0.0135 top hole 3

in. from bot-
ever, a thin film of ice remained on the windshield even at the

tom of wind-
maximum alcohol flow rate obtainable for thie arrangement.

shield

6 Pert i- 1/8 0.040 a 1 in. apart 130 15,000 a8 3.3 3.9 With the windshield wiper operating, ● elight improvement over
Cal tubec top hole 3*

with
arrugement 5 wae noted. With the windshield wiper inoperative, thf

ends in. from bot-
alcohol cleared the ice from the windshield more natiefactorily thu
for arrangement 5, but a marked opacity of the alcohol tvtream was

pinched tom of wind-
shield

evidenced. This arrangement proved to be the most eatlefactory
fixed-tube arrangement Invee.tigated.

7 On the 118 80 a a in, apart 130 16,000 31 3.4 4.1
wiper 0.0135

Two bande each approximately 3/4 inch wide, where the orifices di8-
centered on

blade
charged onto the wlndehield, remained clear of ice.

wiper blade
The remainder

Of the wiped area was coated with a thin film of ice; however,
vincibility with this arrangement wan euperlor to that obtained
with all fixed-tube arrangement investigated.

8 On the 1/8 ------ 4 2 in. apart 130 16,300 31 a.6 3.1
wiper O.om

The results obtained with this arrangement were similar but inferior
centered on

blade
to those obtained with arrangement 7. The alcohol tended to die-

wiper blade burse in the. air stream and one orifice clogged during the test.

9 On the 1/8 3 by --- Centered on --- ------ -- ---
wiper 0.002

--- The distribution of alcohol wae unsatisfactory, since the preeeure
wiper blade

blade slot
available was inwff icient to fOrcO the alcohol to the windshield
for this arrangement. Flight tests were not conducted.

.0 On the 1/8 80 4 1 in. apart 130 15,000 28 6.8 6.1
wiper 0.0136

The distribution of alcohol was not improved over the distribution
centered l/2

blade
obtained with arrangement 7.

in. above
The windshield-wiper control was

added during these tests and elower wiper-blade speeds resulted in
center of increased visibility.
wiper

.1 On the l/B 6 1 in. apart 148 la,300 a4 2.4
0.::35

a.9
wiper

The wiped area was uniformly protected ●t the low alcohol flow rate;

blade
centered lla to to
in. below

however, it was necesmry to use the high alcohol flow rate to re-
4.9 5.9 move ice which had been permitted to accumulate.

centar of
This arrangement

was the most satisfactory of all arrangements tested. ( See f ige.
wiper 7, 9, and 10. )

I

I



Figure l.- The Lock*eed 12A airplane, showing water spray nozzles on fuselage nose for
forming ice in flight on the windshield.



NACA Figs. 2,4

Figure 2.- Windshield wiper as installed on the pilotls
windshield of the Lockheed 12A airplane.

Figure 4.- Water-spray and windshield alcohol-supply-system
equipment in the nose compartment of the Lockheed

12A airplane.
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Ficjs 3,

DISTRI 9UTION TUBE 6N
WIPER BLADE

9
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FIGURE 3,-ARRANGEMENT OF ALCOHOL ICE PREVENTION 5YSTEM
IN THE LOCKHEED 12A AIRPLANE

—



NACA Figs. 5,10

Figure 5.- Tufts indicating the direction of air flow over
the windshield of the Lockheed 12A airplane in

flight at 150 miles per hour.

Figure 10.- Uindshield of the Lockheed 12A airplane with
the distribution tube mounted on the windshield-

wiper blade and the alcohol system operating in simulated
icing condition.

I!@ .



NACA

Figure 6.-
Diagonal
location of
alcohol-
distribution
tube.

Figure 7.-
Vertical
location of
alcohol-
distribution
tube.

Figure 8.-
Alcohol-
dietribution
tube mounted
on the wind-
shield-wiper
blade.

Figs- 6,7,8
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